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Abstract - This paper describes a novel offering of a US-
based course in Computer Science at a Chinese university.  
A senior-level Algorithms course from the University of 
Washington was offered at Beihang University in Beijing, 
China through Tutored Video Instruction, whereby 
lectures recorded in class at the University of Washington 
were subsequently shown at Beihang and facilitated by 
local teaching assistants.  In this mode of instruction, the 
Chinese teaching assistants conducted interactive classes 
using both the video materials and a classroom interaction 
system (Classroom Presenter) for electronically supported 
student activities. These activities were done using a 
system of networked Tablet PCs, which allowed the 
students to electronically submit their work to the 
instructor, and enabled the instructor to display student 
submissions as well as ink on the lecture slides.  This work 
has two main contributions: it demonstrates that Tutored 
Video Instruction coupled with classroom interaction 
technology is a viable strategy for offering asynchronous 
distance versions of courses while maintaining the 
interactivity of classroom environments.  It also shows how 
language and cultural barriers can be overcome by 
combining recorded materials with facilitated delivery. 
 
Index Terms – Classroom Technology, International Course 
Offerings, Tablet PC, Tutored Video Instruction. 
PROJECT OVERVIEW 
There are many situations where it is desirable to export 
courses – taking established courses from one institution and 
offering them at remote sites.  Available mechanisms for 
doing this range from sending instructors to the external site to 
teach, to making course materials available on the web for 
independent use by remote students.  In this paper, we explore 
one particular methodology for course export: Tutored Video 
Instruction (TVI) [1].  The basic idea for TVI is that courses 
are video-recorded and shown at a remote site by a facilitator.  
The facilitator does not need to have the background to teach 
the course, but instead encourages and moderates discussion 
around the materials.  A common approach in TVI is to stop 
the video frequently, allowing for student discussion.  It is 
natural to expect that studying educational materials in this 
manner is superior to watching them alone due to the 
increased engagement and attention, and opportunities for peer 
learning.  The work of Gibbons has established that TVI can 
even yield better outcomes than in-class instruction [1]. 
This paper describes a TVI offering of a University of 
Washington undergraduate Computer Science course at 
Beihang Unversity in Beijing, China.  This particular course 
was not otherwise offered at Beihang, and there was desire by 
Beihang to have the course taught using Western curriculum 
and pedagogy.  In the remote offering of the course, we 
wanted to reproduce the interactive style of instruction that we 
use in our local UW course.  This interactive style is a 
combination of verbally engaging students in lecture, as well 
as supporting active learning by using networked Tablet PCs 
in the classroom [2].  We made live recordings of the UW 
lectures, which were then shown at Beihang by teaching 
assistants.  The classroom technology setup used in the 
Beihang class was similar to that at UW.  The role of the 
technology was to introduce new channels of communication 
between the students and the teaching assistants.  We hoped 
that the introduction of the technology would encourage the 
students to be actively involved in the class. 
One challenging aspect of this course offering was the 
range of language and cultural issues to address.  For example, 
the course materials were all recorded in English, while much 
of the discussion at Beihang was in Chinese.  There were also 
multiple levels of cultural issues, including offering an 
American course in China, using classroom and instructional 
styles that the Beihang students were not accustomed to, and 
using a set of new technologies in the classroom. 
RELATED WORK 
The seminal work on TVI was done by Gibbons at Stanford 
University [1] where Master’s level engineering courses were 
exported to students working for HP.  The work was notable 
for its careful study of student performance, which established 
that the off-site industrial students outperformed the on-site 
students when TVI was used.  In follow-on work, variants of 
TVI were used in a variety of settings, including experiments 
with distributed TVI at Chico State University [3].  In the late 
1990’s, a group at the University of Washington used TVI to 
export introductory computing courses to community colleges   
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[4].  Another TVI project, targeting a very different audience, 
is the Digital Study Hall [5], which relies on mediated 
delivery of recorded materials for teaching primary school 
children in rural India.  A key lesson emerging from the 
literature on TVI is the interplay of factors – technological, 
pedagogical, and institutional – that are necessary for success. 
There is substantial ongoing work in understanding the 
electronic classroom.  The Classroom 2000 Project [6] 
promoted the idea of rich data capture of live classes.  Many 
different systems have used electronic devices to support 
classroom pedagogy; among them are Classroom Response 
Systems [7] and classroom networks [8].  The work in this 
project builds on our work with Classroom Presenter [9] and 
Tablet PCs, whereby the system supports both digital ink-
based presentations and interactive classroom activities. 
PROJECT GOALS 
This project came about as a result of an invitation by officials 
from Beihang University to offer an Algorithms course on-
site.  Since it was not possible for the instructor to make a 
long-term visit to teach in China, the alternate format of TVI 
was proposed by UW and accepted by Beihang.  From the 
outset, several goals for the course offering were identified: 
•  Offer a course comparable to that at the University of 
Washington in terms of content and coverage; 
•  Preserve the interactive teaching style of the UW course; 
•  Not compromise the University of Washington offering of 
the course; and 
•  Evaluate the scalability of the teaching methodology for 
wider export of course offerings between US and China. 
 
The course was offered as a pilot, without directly addressing 
any long-term scalability or sustainability issues.  This 
allowed the focus of all efforts to be on a successful offering 
of the course itself.  The offering had high-level support from 
Beihang University and Microsoft Research Asia, which 
meant that resources were available for the course, and that 
the teaching assistants were very strong and motivated. 
ORIGINATING COURSE, UNIVERSITY OF WASHINGTON 
The University of Washington course that was the basis of this 
project was CSE 421, Design and Analysis of Algorithms.   
This is a fairly typical senior-level Algorithms course taught 
from the Kleinberg and Tardos text [10]. The course 
emphasizes design techniques and aims to equip students with 
a set of tools to use in developing new algorithms, as opposed 
to providing a catalog of standard algorithms. 
The instructor had a background in algorithms research, 
and was experienced teaching this particular course.  This UW 
offering had an enrollment of 36 students and met three times 
a week for 10 weeks, with 50-minute class sessions.  Students 
were evaluated based upon a midterm exam, a final exam, and 
weekly homework problems selected from the textbook. 
One novel aspect of the course was the use of Classroom 
Presenter [9], a Tablet PC-based presentation and interaction 
system.  When used as a presentation system, the instructor 
displays lecture slides from a Tablet PC onto a public display, 
and can annotate the slides with digital ink.  This allows the 
instructor to combine the affordances of a whiteboard and 
slides: for example, in response to a student’s question, the 
instructor can draw a new diagram in the context of a slide.  
The instructor made significant use of digital ink while 
lecturing: in the course, an estimated 80% of the slides were 
written on, and roughly 200 diagrams were drawn on slides. 
The other way that Classroom Presenter was used was to 
provide technological support for active learning.  Using 
Tablet PCs, the students could wirelessly submit to the 
instructor their answers to in-class activities.  The instructor 
could then preview the anonymous students’ answers, and 
selectively show some on the public display to spark 
classroom discussion.  Activities would be included in a 
lecture to achieve a variety of pedagogical goals, including 
classroom assessment, student discovery of a key point, and 
generating artifacts for discussion.  A detailed description of 
the use of Classroom Presenter to support these and other 
pedagogical goals can be found in [2].  In the UW class, 
Classroom Presenter was used for student activities about once 
a week, and as a presentation system in the other slide-based 
lectures.  When students used Tablet PCs in the classroom, 
they generally shared the tablets – this not only reduced the 
hardware requirements, but also promoted interaction between 
students. 
TVI DEPLOYMENT, BEIHANG UNIVERSITY 
There were three teaching assistants for the Beihang course, 
each of whom led a section of 25 students.  The course was 
treated as a regular Beihang course, with students receiving 
Beihang University credit for it, and grades assigned by the 
Beihang course staff based on homework and exams.  The 
students enrolled were first- and second-year graduate 
students in Software Engineering.  The Beihang sections met 
twice a week for two hours, each class session covering 
approximately 1.5 UW lectures.  The additional hour of class 
time per week over the UW course was included to allow for 
discussion time. 
The lectures were recorded using ConferenceXP [11], and 
replayed using WebViewer, a UW-developed tool.  The replay 
tool showed the current lecture slide, a “talking head”, and 
basic navigation controls integrated in one (Figure 1).  Digital 
ink writing appeared synchronized with the other content. 
For classroom activities, a set of 8 Tablet PCs were 
available, so each tablet was shared between three students.  
The activities were done in exactly the same manner as in the 
UW course, with the student responses being sent 
anonymously to the teaching assistant.  The TA would view 
the submissions received, and could display selected 
submissions to the class.  The TA could also write on slides 
using Classroom Presenter.  When running a class session, the 
TA would be switching between the Classroom Presenter 
application (for writing on lecture slides and showing student 
work) and the WebViewer application (for replaying the pre-
recorded video).  It was recognized that switching between the 
two tools put a significant burden on the TAs.   
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      FIGURE 1 
WEBVIEWER REPLAY TOOL INTEGRATING INKED SLIDE, VIDEO, AND 
NAVIGATION CONTROLS 
 
The UW instructor made two visits to Beihang.  The first 
visit occurred before the start of the UW course, but after the 
start of the course at Beihang.  This visit was for initial setup 
and testing, training the facilitators, and acquainting the 
students with the TVI methodology.  These steps were 
considered crucial.  The initial setup identified a number of 
technical issues as well as problems with planned room 
configurations.  These problems were addressed – but would 
have been detrimental if not handled in advance.  The 
instructor had recorded a lecture at UW before visiting 
Beihang, and used the lecture both to train the teaching 
assistants how to facilitate, and to demonstrate to the students 
how the classes would be conducted.  Facilitation training 
consisted of having each teaching assistant present a portion 
of the lecture, stopping the video for simulated discussion, and 
then having the instructor provide critique.  The teaching 
assistants were quick to pick up the facilitation techniques and 
showed innovative attitude even in the initial session. 
The instructor gave two presentations to each of the three 
Beihang sections.  The first was a live lecture where the 
students used Tablet PCs for classroom interaction.  The goals 
for this lecture were to introduce students to the technology, to 
establish an atmosphere of interaction, and to assess the 
background of the students via in-class exercises.  All these 
goals were accomplished.  The instructor felt that the 
background of the students was suitable for the course.  The 
second lecture that was delivered to the students was a TVI 
lecture, where the instructor showed the pre-recorded lecture, 
stopping it at times for discussion and classroom activities.  
(In this case the instructor was both the facilitator and the 
subject in the video.)  This lecture was also considered a 
successful demonstration of the teaching methodology. 
Following the instructor’s visit, there was a 3-week gap in 
the Beihang course due to the scheduling mismatch between 
the two universities and a week-long national holiday in 
China.  At UW, the lectures were video recorded and made 
available for download the day after the live lecture.  They 
were posted on the course web site, so teaching assistants and 
students could access them.  In addition to the video materials, 
some additional supporting materials were made available to 
the teaching assistants: for lectures in which student activities 
were used at UW, the UW course staff prepared a summary of 
activities identifying the types of student responses, a list of 
verbal interactions giving the timing of the comments and a 
transcription, an annotated set of slides with suggested 
stopping times for interaction, and other suggestions for 
successful facilitation.  The lecture summaries also identified 
some portions of the lecture or discussions as not being 
relevant.  The supporting materials were provided both to 
assist the teaching assistants in making pedagogical choices 
about how to use the video materials, and also to address 
language and audio quality issues. 
The Beihang teaching assistants presented the lecture 
materials in the planned manner.  They opted for a preparation 
process that involved watching the lecture twice and having a 
group discussion for planning out how to use the materials.  
There were a small number of questions from the teaching 
assistants to the UW instructor about material, but, generally, 
preparation was done only based on the course materials. 
The instructor made a second visit to Beihang at the 
midpoint of the course.  The main purpose of this visit was to 
assess how the course was going, including to observe the 
classroom dynamics and to gauge how well students 
understood the material.  The instructor was present for two 
class days.  On the first, the teaching assistants facilitated a 
lecture, so the instructor observed all three teaching assistants 
in class on the same material.  On the second class day, the 
instructor gave a live lecture, using the Tablet PCs for 
classroom activities.  A few minor adjustments to logistics 
were made based on this visit. 
The Beihang course used the same homework and exams 
as the UW course, but students were allowed to write their 
exams and homework in Chinese.  The teaching assistants 
were responsible for grading.  Exam solutions and grading 
guidelines were provided, although homework solutions were 
not given to the teaching assistants (this was a mistake).  The 
Beihang course used the same textbook, available in China as 
an overseas edition, so it was affordable ($6 in China versus 
$94 in US). 
CLASSROOM BEHAVIOR 
The Beihang classes were successful in following the TVI 
model of combining the video with in-class discussion.   
Discussion occurred at frequent intervals during each class 
session.  The three teaching assistants developed their own 
unique facilitation strategies and were all successful in 
establishing an interactive environment. 
The classroom discussion took place almost entirely in 
Chinese.  We did not know what to expect in advance with 
respect to language use, and made it clear to the teaching 
assistants that they could allow conversation in either English 
or Chinese.  Even though students had a preference for 
speaking in Chinese, they did not have trouble comprehending 
spoken English.  When the instructor visited, students reported 
that they spent much time watching English language 
television and movies.  When the teaching assistants wrote on   
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slides, they wrote almost exclusively in English; the small 
number of cases of writing in Chinese was to translate an 
unfamiliar term.  The students, however, preferred writing in 
Chinese – we estimate that two thirds of all student writing 
was in Chinese. 
As we anticipated, the vast majority of in-class 
interactions were initiated and directed by the teaching 
assistant.  A common scenario would be to pause the video 
replay just after the UW instructor had posed a question to the 
class, and then to solicit answers.  The questions would 
occasionally initiate multi-round exchanges, and sometimes 
student-student exchanges.  The original TVI work of Gibbons 
[1] emphasized student-initiated discussion around issues that 
were unclear, so student discussion would lead to collective 
understanding.  During the initial TVI session conducted by 
the UW instructor, the students were encouraged to ask 
questions, but this was not sufficient to establish a pattern of 
student-initiated interaction.  Since the interactions in the TVI 
class largely corresponded to the interactive episodes in the 
live class, we hypothesize that interactivity in the originating 
class may be an important factor for a successful TVI offering. 
Classroom activities were included in all TVI lessons, not 
only in the ones that corresponded to lectures with classroom 
activities at the originating site.  In designing the lecture 
slides, the UW instructor tagged with a special logo the slides 
that could be used for student activities in the TVI class, even 
if they were not used for student activities in the live class.  
Lectures averaged 4.3 activity slides out of 18.6 lecture slides 
(23%). 
Figure 2 is a typical student activity, where students were 
asked to describe the solution to a simple algorithmic problem.  
The Chinese writing translates to: (light gray or teal, straight 
left to right) “negate the problem, then find the minimum”; 
and (dark gray or red, tilted) “then negate the minimum to get 
the maximum.”  The happy face is an example of the types of 
student drawings that often accompanied submissions. 
 
           
FIGURE 2 
A STUDENT SUBMISSION WHERE TWO STUDENTS CONTRIBUTED TO THE 
ANSWER 
EVALUATION 
We evaluated the course based upon an end-of-term survey, 
direct instructor observations, teaching assistant class reports, 
videos of TVI sessions, student submission artifacts, 
interviews with teaching assistants, and student performance 
on exams.  The end-of-term survey was a voluntary and 
anonymous web-based survey answered by 23 students; it 
consisted of 23 numerical and 9 short-answer questions. 
An important measure of the students’ experience is how 
much they learned.  The students at Beihang took the same 
midterm and final exam as the UW students.  The mean exam 
scores of the UW and Beihang students were roughly the 
same, and the distributions of exam scores were similar.   
However, the grading of the Beihang students was done at 
Beihang, with only an answer key and a grading guideline 
provided by the originating site – so the results are not directly 
comparable.  On the end-of-term survey, when asked how 
they would rate their learning in this class in comparison to 
other classes at their university, on a 1-5 scale (1 = I learned 
much less, 5 = I learned much more) the Beihang students 
reported an average of 3.91 (4 = I learned somewhat more).  
Additional evidence comes from the UW instructor’s visit to 
Beihang, when he gave lectures using classroom activities to 
all students.  The classroom activities allowed an instant 
assessment of how the students were doing.  The instructor 
perceived that a substantial number of the students, 50%-75% 
by his estimates, had a good understanding of the lecture 
material and were engaged in the lecture.  The instructor got 
his evaluation from observing students doing the activities; he 
felt that he would not have been able to conduct this type of 
assessment if he had just given a traditional lecture to the 
students.  More evidence that some students got a lot out of 
the course came from direct correspondence with the 
instructor after the course was over. 
Courses at Chinese universities are typically very formal.  
The lecture-type courses are generally large (e.g., with several 
hundred students), the instructor lectures with very few 
questions, and there is no discussion.  When asked on the 
survey how often they spoke in a normal class at their 
university, the students reported an average of about 1 time 
per week, with 0 being the most common answer.  In contrast, 
the environment of the TVI classes was very interactive and 
informal; when asked on that survey how often they spoke in 
the Algorithms course, the average was about 3 times per 
week.  In a direct comparison of the interaction in the two 
settings, the average student response was 4.04 on a 1-5 scale, 
where 4 corresponded to “I liked [TVI] somewhat more.”   
When asked if the in-class activities impacted their learning 
experience, the average was 4.17 on the same scale.  We also 
had the TAs record the number of episodes of verbal 
interaction in their classes.  On average, there were 13 such 
episodes of per class session, with 10 episodes where students 
spoke.  When students spoke, there was an average of 2 
rounds of communication, and frequent cases where 4 or more 
rounds occurred.  This was roughly two-thirds the frequency 
of verbal interactions in the UW course, based on a sampling 
of lectures.  Notably, the UW interactive episodes had fewer 
rounds of communication than the Beihang ones. 
The use of the English language for the lectures and 
Chinese for discussion was successful.  Students uniformly   
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reported that the instructor’s English was easy to understand.  
Asked to evaluate whether the instructor speaking English 
made it difficult to understand the course content, on a scale of 
1 (not difficult) to 3 (very difficult), the student average was 
1.7, with only two students responding “very difficult.”  The 
instructor made an effort to avoid colloquial usage or usage of 
culturally specific examples, yet these did occur.  In observing 
the classes at Beihang, the instructor noticed a number of 
cases where colloquial expressions were used and not 
understood.  These, however, did not interrupt the flow of the 
class – they were just ignored.  (The instructor’s jokes on the 
video received a similar reaction.)  On the same scale, the 
students reported not having difficulties (an average rating of 
1.35) due to this aspect.  The instructor found the students to 
be accepting of a different style of teaching and curriculum.  
The general attitude of the students and the university officials 
who sponsored the course was one of openness to adopt 
external ideas.  Interestingly, when asked in a free-form 
survey question about what aspects of the course made it most 
difficult to learn, language and cultural differences were the 
most common answer, with 13 of 23 students citing one of 
these factors.  However, since the responses were generally 
positive when the students were asked directly about these 
issues, we take this as evidence that even the most serious 
obstacle to student learning was relatively minor.  In addition, 
it seems that making the videos available to the students 
helped to ameliorate this issue; when asked how much time 
they spent watching the lecture video outside of class, 17 of 19 
responses gave non-zero answers ranging from 1-4.5 hours, 
and when asked if they had any concerns about the course 
being taught using primarily English, one student responded: 
“The recorded video being downloadable makes it easy for us 
to review the content that is not fully understood in class.” 
How much the students enjoyed the course is another 
metric for evaluation.  Rating this class in comparison to other 
classes at their university, the average was 3.91 on a 1-5 scale, 
with 4 being “I liked it somewhat more.”  The interactivity of 
the class was what students liked the most: asked what aspects 
of the class made it easy for them to learn, 14 of 23 students 
mentioned interactivity, examples, communication, or Tablet 
PCs; a typical response was: “The teaching method, such as 
using Tablet PC and discussing freely in class.”  Comparing 
the TVI method with the way traditional classes are conducted 
at their university, the average response was 3.48, where 3 
meant “I liked TVI just as much,” and 4 was “I liked TVI 
somewhat more.” 
Offering the remote version of the course did not appear 
to have any negative impact on the UW offering – and might 
have had a positive impact by increasing the instructor’s level 
of preparation.  The instructor’s normal style of lecturing was 
not affected substantially, although he did attempt to remain in 
a fixed location to accommodate the camera.  The UW course 
received high course evaluations, and no written comments 
referred to the remote offering.   
We are also interested whether our approach could be 
replicated at other institutions.  The basic resource 
requirements for capture and replay of lectures are realistic for 
higher education deployments.  The lectures were recorded in 
a room equipped for distance learning, with fixed cameras; the 
lectures were replayed in a standard classroom having a data 
projector and wireless access.  Active learning was supported 
by shared Tablet PCs, though regular laptops could have been 
used instead.  The staffing of the TVI course was done by 
graduate teaching assistants who did not have any special 
background in the subject.  The technology and methodology 
were not tied with the subject matter of the course, so the 
approach should generalize to other science and engineering 
disciplines.  We acknowledge that producing a course for TVI 
does create some additional overhead in providing support 
materials for the facilitators. 
Many factors contributed to the offering’s success: highly 
dedicated and talented teaching assistants, acceptance of the 
TVI model by the remote (Beihang) site, the instructor’s 
interactive teaching style, the supplementary materials 
provided to the teaching assistants, and the instructor’s visits 
to the remote site.  We believe that the strength of the teaching 
assistants and acceptance of the TVI model were critical and 
would need to be replicated for a successful offering.  The 
instructor visits were a very important aspect of this pilot in 
introducing the methodology, in working out the deployment 
details, and in building the institutional relationships.  Once a 
program is established between institutions, it may not be as 
necessary to visit for every course. 
UNEXPECTED RESULTS 
Overall, the course went as planned and met our optimistic 
expectations.  However, there were surprises along the way: 
the facilitation strategies used were not always what we had 
expected, and the technologies were used in unexpected ways.  
 
        
 
        
FIGURE 3 
AN INSTRUCTOR’S SLIDE (UPPER LEFT), AND THE THREE TAS’ RENDITIONS OF 
THE SAME DIAGRAM 
 
The teaching assistants did well, but we noticed from the 
start that they took different approaches to facilitation, and 
emphasized different points in their respective sections.  In 
examining the slides that were used for student submissions,   
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we noticed that the interactive episodes occurred at different 
places in the different sections.  The range of successful 
facilitation strategies refuted our early hypothesis that the 
shared content and supporting materials would lead to strong 
similarities between the approaches of the teaching assistants. 
The biggest surprise in the use of the technology was the 
importance of digital ink for the teaching assistants.  We had 
initially assumed that they would start and stop the video, and 
use Classroom Presenter mainly to display student 
submissions.  In addition to this expected behavior, the 
teaching assistants would write on the instructor slides – both 
to explain individual points and to simulate the instructor’s 
writing, such as doing a written derivation before the 
instructor does it, as in Figure 3.  That is, rather than merely 
showing the video of the instructor creating a diagram, they 
would stop the video and create the diagram themselves, with 
the accompanying discussion.  This allowed the teaching 
assistants to adopt the type of interactive behavior that the 
instructor would exhibit when writing in front of a live class. 
The use of tablets was also significant. Students 
collaborated around the tablets, and often had their attention 
on the material displayed on the tablet, instead of on the public 
display.  The tablets were used as a communication channel 
between the students and the teaching assistants, even beyond 
their use for in-class activities.  Comments about not 
understanding material or specific terms were made on slides 
and sent to the TA (Figure 4).  This type of communication 
was more frequent in the Beihang class than in the UW class. 
 
           
FIGURE 4 
AN EXAMPLE OF A QUERY ABOUT THE MEANING OF A PARTICULAR TERM 
USING THE STUDENT SUBMISSION FACILITY 
 
Perhaps the biggest surprise to us was the classroom 
atmosphere that was established, and particularly the informal 
aspect of the class sessions.  Several of the Beihang sessions 
were video recorded and shared with the instructor.  Even 
without a translation of the audio, it was clear that there was a 
substantial amount of informal discussion, joking, and 
laughing in class.  The presence of embellishments on student 
submissions, as indicated in Figure 5, also shows informality. 
 
   
FIGURE 5 
STUDENT SUBMISSIONS WITH EMBELLISHMENTS 
CONCLUSIONS 
We consider the project to have been a success in allowing us 
to offer a University of Washington course at a Chinese 
university in a manner that preserved the interactive nature of 
the course.  This is a positive data point for both Tutored 
Video Instruction and international course offerings.  Specific 
aspects that were successful include: 
•  overcoming cultural and linguistic barriers; 
•  the overall technological approach to combine facilitated 
video with classroom interaction; 
•  usage that matched our model of having facilitators 
reproduce interactive episodes from the originating 
course; 
•  the Tablet PC as an effective tool for facilitators to use for 
presentation; 
•  the remote course offering not compromising the 
originating course. 
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